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THE COMPOUND ENGINE. 



The compound engine — whatever diver- 
sity of opinion may be held by engineers 
and othera as to ita merits as an economical 
expansive engine — has attracted towards 
itself a very considorablo share of attention, 
from the superior resulta that have been 
obtained by it in many instances ; and it is 
reasonable to suppose that, when a, certain 
degree of perfection has once been attained 
in the manufacture of any machine, or 
economy secured by any new arrangement 
of its parts, similar machines can be so 
constructed as to give out the same results, 
if proper care is taten that the same ar- 
rangement and construction is faithfUUy 
carried out as in that of the more perfect 
machine. And when that degree of econo- 
my has not been obtained from a com- 
pound engine which had reasonably been 
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I, it would, no doubt, be found, if 
proper inquiry were made, that the fault 
lay, not in theprinciple that had been adopt- 
ed, but that sufficient skill had not been 
exercised in properly proportioning the dif- 
ferent parts through which the steam had 
to pass or come in contact on its way from 
the boiler to the condenser, and that suffi- 
cient means had not been employed to pre- 
vent or replace any waste of heat from con- 
densation and other eauses- 

Aa the compound engine is being now so 
universally adopted in the Mercantile Ma- 
rine Service, and a knowledge of its princi- 
ples absolutely necessary by those engaged 
in attending it, we will, in the following 
remarks, explain these principles in as sim- 
ple a manner as possible, and institute a 
comparison between the respective merits 
of the single-cylinder expansive condens- 
ing engine and the compound engine : 

The compound engine is a high and low- 
pressure condensing engine, having two 
ordinary steam cylinders, the smaller or 
high-pressure cyhnder communicating di- 
rect with the boiler, the larger or low- 
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pressure condensing cylinder direct witli 
the condenser, and both, with each other. 
The steam, ia admitted freely from the 
boiler into the high-pressure cylinder until 
the piston has been moved through a cer- 
tain distance where the valve is so regula- 
ted that the communication with the boiler 
is entirely shut off, and the remainder of 
the apace to be passed through by the pis- 
ton ia performed by the expansion of the 
steam now shut up in the cylinder, aad 
which, after doing ita work in this cylinder, 
passes on to the condensing cylinder, where 
it doea an eijnal or proportionate quantity of 
work, and then passes into the condenser. 

It has been found irom modern praotico 
that when the length of stroke of both cyl- 
inders is the same, it ia neoeaaary that the 
condensing cylinder be about three times 
greater in area than the high -pressure 
one, and this proportion is best suited when 
the steam employed is from 45 to 50 lbs 
pressure above the atmosphere, and cutting 
off the steam after being admitted during ^ 
of the stroke in the high-pressure cylinder. 
When the steam to be employed is of a less 
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pressure, but the point of cut-off the same, 
theu the relative proportions of the cylin- 
ders must be nearer to each other, and the 
reverse when steam of a greater pressure is 
to be used. 

To get the maximum of economy out of 
any class of expansive condensing engine, 
the pressure of steam and point of cut-off 
must be so regulated that the steam passes 
into the condenser at the end of the stroke 
at a pressure not exceeding 5 lbs. above a 
perfect vacuum, and with steam at 45 lbs. 
presBUre above the atmosphere, which is 
equal to 60 lbs. pressure above a perfect 
vacuum (the pressure of the atmosphere 
being considered as equal to 15 lbs- on the 
square inch), and a terminal pressure of 5 
lbs., we get 12 expansions, because the 
pressure at the end of the stroke is 12 times 
less than what it was at the point off cut- 
1 by tlie formula — 



Where P = pressure at point of cut-off, ;= 
terminal pressure, and R ^ ratio or num- 
ber of expansions, and as the pressure of 
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steam, according to Marriotte's law, varies 
inversely as tlie epace it occupies, the steam 
■will now fill 12 times the space it originally 
occupied at a pressure equal to i^th of the 
original pressure, that ia, supposing there 
had been no loss of heat during the process 
of expansion, and this we must suppose to 
simplify this inquiry. 

On reference to the annexed table of 
average pressures, it will be seen that 
steam admitted at 60 lbs. pressure, and 
cut-off at ■j'jth part of the strote, exerts 
aa average pressure ^=; 17.32 lbs. per sq. 
in. on the piston throughout the whole 
strolie, and, although this is 3^ times less 
work than would have been done had the 
steam been used at the full pressure of 60 
lbs. throughout the whole length of the 
stroke, still only a 12th part of the cylinder's 
contents had been filled from the boiler, 
and the power required is thus got by work- 
ing the steam expansively, at a saving equal 
to about 3^ to 1. {See Table A.) 



.,.,GoogL- 



Table A—AVERAGE PRESSURE 
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Table A.—^ontinued. 





Pressure 


in Lbs. 


tamm 


ncemeiit 


of Stroke- 


tttlll 












rtitfflt 


110 


120 


ISO 


140 


ISO 




77i 


84 


91 


98 


105 




103 


IIH 


i3H 


131 


140! 




6S! 


71! 


77i 


831 


891 




931 


lOU 


110 


1181 


137 




im 


115! 


lS5i 


1351 


144J 




571 


021 


67! 


78 


78i 




84i 


91i 


S9i 


1071 


115 




»l»i 


108J 


117! 




135 




107i 


117i 


127! 




146J 




51* 


55i 


60i 


65 


691 




1084 


USi 


128 


137i 


147 


m 


50i 


54! 


68J 


63 




70* 


77i 


83i 


90 


961 




87 


94i 


102! 


llOJ 


118^ 




98 


loei 


115! 


1341 


133 




105 


114i 


124 


1331 


14;i 




108J 


118! 


lasi 


138i 


148 


423 


m 


60 


541 


57 




8U 


89 


961 


104 


111 




101 


llOi 


1191 


leei 


137 




109 


119 


128! 


138i 


148 




39 


43i 


46 


401 


53 




61 


661 


72i 


775 


83 




88i 


oei 


1041 


1121 


1201 


97 


105! 


1141 


1231 


1331 




107 


nei 


13G4 


1361 


145 




109i 


159i 


139 


189 


149 


If 


33i 


37 


40 


43! 


461 


A 


64 


59 


63! 


68J 


731 


i4 


68! 


7Si 


811 


87; 


94 


-A- 


80t 


87! 


95 


103! 


109! 


■,\ 


89i 


97i 


1061 


113J 


3 21 J 


A 


S6i 


105 


113f 


1331 


131 


-^ 


ion 


110! 


130 


139! 


338! 


A 


105i 


115 


1241 


1341 


1431 


A 


108 


117! 


1371 


1371 


147! 


tV 


811 


34! 


37? 


401 


431 



Google 



11 

Ah the point of cut-off may be different 
from any of those shown in the table, it is 
as well that the atudest should be in pos- 
eeaaion of a aiipple formula for aacertaining 
the average pressure for himself at any 
time, and the following is given to find out 
the mean pressure during a stroke in lbs. 
pei sq. in. Let — 
L = Whole length of aCtote in incliaa. 
I = Distauce travelled by piston before the ateam 

is out off, in inches. 
R ^ Ratio or number of eipansioas — - - -■ 
H = Hyperbolic logarithm of K. 
F =: Initial ptessure of steam in lbs. per sq. in . 
p = Mean pressure during the stroke in !bs. per 

square inch, 
Then,p = P?^i^' 

A table of hyperbolic logarithms is also 
annexed so that H may be found without 
any difficulty. 
TABLE OF HYPERBOLIC LOSAEITHMS. 

The HfperlKilic Logarittim of B numlier In, lonai by muLtiply- 
No. Lof^rithm. 
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Logaritlim. 
. 1.7578579 



. 1,7917595 



e-t 1.8562979 

e-5 1,8718021 

6-6 1 ,8870697 

e-7 1 . 9091075 



1,9315214 



7-a 1 9740810 

7-3 1.9878743 

7-4 2. 0014800 

7-6 2.0149030 

7-6 2,0381482 

7-7 2,4412203 

7-S 2,0541237 

7-9 2,0668627 

8-0 3,0794414 

8-1 2.0918640 

8-2 2 1041341 

8-3 2 ]163o55 

8-4 3 1282317 



8-7 3.1633230 

s-&^v..^.'■.^ v.\'.'-'.v.'-v.\''-'.'.'.'.\v. 2.1860512 

9-0 3,1972245 

9-1 2.2082744 

9-? 3,2192034 

9^3 2.2300144 

9-4 2.3407096 

9-a 2,2512S07 

B-6 2,2617631 

9-7 3.2731268 

9-8 2 2823833 

9-9 2.2925347 

lO-0 2.3025851 
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LoKBllthai 
2 *84<HI6» 



2 7080502 
2 7726067 
2 fl332341 
a 8903817 



1 135496* 
3 1780715 
3 2188757 
d 2581IW) 



28-« 1 3.i2210b 

29-0 3 3672992 

30-0 i 40119-4 

In order to arrive at the merits and 
capabilities of the compound engine, let 
us first see what are the results got from a 
single- cylinder condensing engine of given 
dimensions and cutting ofi' tlie eteam to 
work with a certain number of expansions. 
Let— 

D = Diameter of cylinder in inches, 
h ^ Length of stroke in teeC, 
N = Number of revolutions of crank per luinute, 
p =t Mean or average pressure on piston, 

then, for arriving at the horse power we use 
the following formula: — 
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D' X .785*xaLXNVn 

33_^„ = horse-power. 

But as D= X ■'^854 = area of pUton, and 
2 L X N = apeed of piston in fset per 
minute, we will make D^ X -'^^^ =A, and 
2 L X N = S, the formula then becomes 



and auppoaing the cylinder to be 24 in. 
diameter, length of 8troke=4 ft.; number 
of revolutions per minute=50 ; presBure of 
steam at beginning of strote^^O lbs. (all 
pressures here mentioned are above a per- 
fect vacuum), point of cut-off, =^Vth part of 
the stroke, or, after the piston has travelled 
4 in., eo that — 

D ^24 inches. 

a L = 8 feet 

N ^ 50 revolutions. 



„1 XH 

459 4 X 400 X 1 



we get— 

■5 horse-powet; 

To distribute this power equally over the 
working parts of a compound engine, it is 
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e that both cylinders be so propor- 
tioned that they will each give out nearly 
the same power, and that the thrust caused 
by the entrance of the steam at the begin- 
ning of each strote be the same in both 
cylinders. 

To attain this with an accuracy sufficient 
for all practical purposes, it is necessary 
that the condensing cylinder be larger than 
the high-pressure cylinder in area, by the 
ratio of expansion that takes place in the 
high-pressure cylinder ; that is to say, if 

a = area of piston in high-pressure cylinder, 
r 1^ ratio of espansioa in high-preeaure cylinder, 
A = area of piston in condensing cylinder, tlien 



So that if P=initial pressure in small cyl- 
inder, and P'^initial pressure in lai^e cyl- 
inder, the area of large piston, multiplied 
by P', will be equal to the area of small 
piston multiplied by P, then P' A=:P «. 

But as the ratio of espansion is the same 
in both cylinders, and the whole ratio of 
expansion equal to the initial pressure in 
small cylinder, divided by the terminal 
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pressure in large cylinder, we get w -^ 
ratio of expansion in each cylinder, and as 
we have already taken P^6(l lbs., and i = 



.1.™/^= 



: 3.46 = 



of area of the two pistons, and also ratio oi 
expansion in eaoh cylinder, and conse- 
quently:=r. 

rrom the nature of the compound engine, 
the area opened \tp for the steam by the 
movement of the large piston is at all times 

decreased by a proportionate part ^ 

^ 1, by the advancing area of small piston, 
so that the space actually occupied by the 
expanding steam is ^= A — 1 , and from this 
we got the formula for ascertaining the av- 
erf^e pressure in the condensing cylinder of 
a compound engine. 
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i. table showing the relative areas of the 
two cylinders of a compoaiiii engiae, 
with the average preeeure in each cylin- 
der, etc. : 



p 


B 


P' 


H 


s 




P 


30 


2.«9 


12.25 


ggg 


23.23 7 


62 


15.71 




2.646 


13.22 


'972 




10 7 




18.27 




2 828 










04 


20 81 


15 


3 000 




i:098 


31 


47 S 


22 


23 26 


60 


8.102 




1. 50 


34 


00 8 


40 


26.60 


55 




316 






36 




68 


27 




eo 




46i 


I7'.32 


1. 42 


38 




74 


30 


59 






605 


18.02 


1. 81 


41 


13 8 


86 


32 














43 




08 


34 


SI 


75 




872 




1.363 


45 


57 9 


11 






80 




000 


2o:oo 


1,386 


47 


72 9 


24 


38 


48 


«fi 




133 


20.61 


1.415 






34 


40 


44 






242 


21 21 


1.444 


61 


66 9 




42 


41 


95 




858 


21.80 


1.470 


53 


84 9 


66 






100 




472 


22 B6 


1497 


65 


84 9 


64 


46 








5B2 


22.91 


1.521 


67 


77 9 


73 


48 


04 


no 




690 


23 45 


1.545 








49 


87 


115 




796 


23.98 


1.667 


61 


67 9 








120 




898 


24.46 


1.589 


63 


43 9 


96 






125 




000 


25.00 


1,609 


65 


32 10 


06 


66 




130 






25.50 




67 


02 10 


13 


56 


89 






196 


26 00 


l!647 


68 


77 10 


21 




66 


140 




291 


26.46 






51 10 


26 


60 


25 


145 


6 385 


36.93 


i.e'ii 


72 


25 10 


82 


61 


93 


lao 


5 477 


27.88 


1.700 


73 


96 10 


38 






155 


5.567 


27.84 


1.716 


7i 


67 1( 


46 




81 






28.32 


1.732 






62 


66 


76 




B.744 


28.72 




7S 


93 If 


58 


68 


35 


170 


5.880 


29.15 


1>63 


8( 


66 10 


64 




92 


175 


6.91fi 


29.58 


1.777 




14 10 








180 


6 000 


30.00 


1.791 


8f 


73 10 


75 


72 




185 


6.082 


30,41 


1 805 




32 10 


80 


74 


B2 


190 


6.164 


30,82 


1.818 


86.86 1 10 


86 


76 


91 
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The accompanying table has been drawn 
out for easy reference in conformity with 
this rule. The first column ^ P ^ the in- 
itial pressure of the steam above a perfect 
Tacuum on entering the small cylinder; 
the second = E = / — shows the relative 
areas of the two cylinders, and also the 
number of expansions in high-pressure cyl- 
inder ; the third column, = P ^ the termi- 
nal pressure in high-pressure cylinder, gives 
the pressure at beginning of stroke in con- 
densing cylinder ; the fourth column, = H, 
contains the hyperbolic logarithms of E j 
the fifth, = S, gives the average pressure 
during a stroke in a single cylinder, for the 
different values of E and = P — • ■; the 
sixth columni^p', gives the average pres- 
sure during a stroke in the condensing cyl- 
inder of a compouad engine, and ^P'— — - 
and the last column, p, gives the average 
pressure during a stroke io the high-pres- 
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Now, as the power to be given out by 
both cyKndera is to be the same," the powec 
that is required to be given out by A '^ 
95 ,„ ^ , , , m 
^ 47.5 horse-power, and aa y — ^ 

3.464, t X 3-464 = 17.32 = P', and from 
the above formula we get p' = 17.32 — - = 
8.74 lbs. average pressure per square inch 
on piston. So that we can now get what 
area of piston is required to give out this 
power by 



47.5 X 33.000 



■■ 450 -= 21" dinmeter. 



and as the area of the two pistons are t( 
each other as 1 to 3.464, we get the area o 
small piston = 130 sq. in. = 
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Table of the pressure, temperature, Tolutne, 
and mechanical effect of eteam. 









Mechanical 
















acubicincbot 






nding coinparcd 








.[are. ivith 


evaporafed, in 














water. 


high. 


I 


102 


9 20163 


1739 


2 

3 


126 
341 


1 10S74 








3 5085 














16£ 


2 sa97 


1948 




17f 


9 3370 


1909 


8 




2983 


1989 


9 


187 


4 2G74 


2000 


Ifl 


192 


4 2420 


2022 


11 


197 




2036 


12 


201 


3 2l)jl) 


205l> 










14 


209 


1 177S 


2074 


15 


212 


8 lGt,9 


20SS 


16.. . 


216 


S 1573 


2097 


17 


219 


6 14H8 




















20 


228 


5 1281 


2135 


21 


2B1 


2 1225 


2144 


22 


238 




2152 


















25 


241 


> 1041 


2175 


2S 


243 


3 1007 


2182 




245 


5 y73 












29 


249 


6 911 


2J0* 


30 


251 




2-21I9 



.Google 











Total 




Volnmeof 


effect of 








a cubic inch of 


^^^? 


CorreBponding 






per 


temperature 


wfS 


evaporated, in 






\olume ^f 


Iba. raised 1ft. 


Xh* 




water 


high. 


31 


253 S 


857 


2216 






H-13 


2221 


^ 


257 3 


KIO 


2226 


a 




7R8 


2332 


35 


2e0 9 


767 


228« 


36 


262 e 




2243 


37 






2248 


88 


366 9 


712 


2253 


39 


367 5 


fqs 


22t9 


40 


269 1 


679 


2264 


41 


270 6 




2268 


*2 


272 1 


fi49 


2273 


43 


278 6 


b35 


3278 


44 


275 


b2i 


2282 


45 


276 4 


6!0 


2287 




277 8 


698 


2291 




379 2 


6«6 




48 


280 5 


57o 


2300 


49 


281 9 


a<)4 


23M 


50. 


283 2 


554 


2308 


51 


284 4 


544 


2312 


62 


285 7 


634 


2*16 


53 


286 9 


525 


2320 


5* .. 


288 1 


MS 


2324 


5o 




■MS 


3337 




290 5 








2917 




2335 


58 


292 9 


484 


2339 




2942 


477 


2343 




295 S 


470 


2347 




296 9 






bi 


21H 1 




2355 


b3 


299 2 


449 


2359 



.Google 









Me ha tai 


Told 




Vglun e of 


eff clot 








a Qb c Dch of 


iulha. 










tciupersture. 


















water 










"36" 


65 


301 




44 


2}(i& 


66 


302 


\ 


4dl 


2 69 
372 












69 


305 




414 




70 


306 


4 


4 3 




71 


307 




4 d 


2383 


72 


308 


4 




2d8« 


74 


310 


3 


l^« 


3»4 


76 


812 


^ 


T^ 


4 > 






















79 


314 




36*. 




80 


Slfl 






2411 


81 


316 






2414 












83 

84 

86 


318 
319 

sao 


4 
S 

1 


io 


"425 


86 

87 


321 


u 


3," 


"4'>T 
2430 
















i> 




24S5 


90 


324 
325 


9 


^9 


2438 
2440 
"443 
244o 


94 


327 


ft 


U 




S5 




W 


4'S 


AG 


329 







24 3 



.Google 









Mechanica! 


Total 




\Dlumeof 


effect of 








a cubjo inch of 


Ibe 


Correapond ng 






pec 




w tU 


ovaporaW. in 






olu eof 


Ihs. raised 1 ft. 


T<^" 




ater 


high. 


17 


329 8 


804 


245E 




S30 6 


Wl 


2157 


9<> 


331 3 






]O0 


av 


2& 


24U2 






2 1 




12 


815 8 


"dI 


3507 


lao 


852 1 


2^ 


2H7 


140 


357 9 


IB 




lliO 

in 


3(i3 4 

3 S 7 




2177 


IRO 


S 4 


1 4 


21,08 



From thi3 we ca i see that for a com- 
pound ei^ine to exert tlie same power as 
a smgle-cj 1 n ler eondens ng engine witli 
the 8»me number of eiian«ion3 m both 
casfls the oonileaimg cjhnder of the com- 
po md e g ue rer[ ires to be equal in 
diimeter to the single condensing cylinder ; 
and from this bemg the ca'e, it is quite 
reaaonaV le to say that if the power exerted 
cxn be got fiom one cyl dftr with the steam 
espanlel i ceitan numl er of time a, it 
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■would be Tinwiae to add to tbe expense of 
4he engine by expanding the aame number 
of times in two cylinders instead of one. 
But as tbe source of the power obtained ia 
tbe heat passed into the cylinder from the 
boiler, and as the economical working of 
the engine depends on the greatest quan- 
tity of this heat that can be converted into 
power, it is herein whore the compound 
engine has the advantage over any other 
class of engine, and we will compare the 
single and tbe compound engine from this 
point of view. 

The steam enters the single-cylinder 
engine at a pressure^GO lbs. per s(j. in., 
the temperature of which, on reference to 
the annexed table, will be found to be 
equal to 295.6 deg. After doing its work 
it terminates with a pressure — 5 lbs. =161.4 
deg. in temperature, and consequently haa 
cooled dowu tbe cylinder to the aame 
temperature, so that the fresh steam on 
entering to perform the nest stroke can 
only be effective at a temperature corre- 
sponding to its pressure, and it haa to part 
with its heat until it brings the cylinder up 
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to its own temperature, and has couse- 
quently to be supplied with tiew steam 
from the boiler to do ita work. 

Now the pressure at the beginning of the- 
stroke of the high pressure cylinder of the 
compound engine is the 3anie=60 lbs. per 
sq. in. ; but owing to the fewer number of 
expansions carried out in this one cylinder, 
it terminates this stroke with a pressure^ 
17.32 lbs. per sq. in., the temperature of 
which will be found on reference to be 220 
deg., being a difference of only 76 deg. in- 
stead of 135 deg., or just about one-half. 
A g at p t of this waste of the heat that 

J a d nto the cylinder can be prevent- 
d by 1 a a space round about the cyl- 

d and at both ends, filled with steam 
at th b 1 pressure ; but ihia steam jacket, 
t IS li d, is much more effective in the 
compound engine than in the single oyl- 
iader engine, for this reason : It has been 
found from experiment that the rapidity 
with which two volumes of steam of differ- 
ent temperatures seek to equalize themselves 
is as the square of their difference in tem- 
perature, that is to say — that if you mix 
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«team of 200 deg. with steam of 100 deg., 
and steam of 400 deg. with steam of 100 
■deg., the difiference of temperatures of the 
former being as 2 to 1, and of the latter as 
4 to 1, and as 2^=4, and 4'^16 ; the latter 
"temperatures will seek to equalize them- 
selves four times quicker than the former, 
-and, as the yarialion of temperature is much 
greater in the single cylinder than in either 
of the cylinders of a compound engine, the 
heat from the steam jacket must pass 
through the metal with great rapidity to 
replace that wasted by condensation, and 
this it cannot do so effectively as when the 
temperatures are not so widely varied ; and 
this is one of the great advantages possess- 
ed by the compound or double -cylinder 
engine. Another feature in which the 
compound engine bears favorable com- 
parison with the single -cylinder engine ia in 
tte difference of the thrust caused by the 
■entrance of the steam at the beginning of 
■each stroke, and consequently on the 
amount of pressure or friction thrown on the 
■crank pin and crank shaft journals, com- 
pared with the power to be exerted. If we 
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multiply the area of piston in single cylinder 
hy the initial pressure, we get 452X60= 
27,120 lbs. total pressure, or equal \o a 
blow of fully 12 tons at the beginning of 
the stroke. If, in like naanner, we multi- 
ply the areas of both pistons of the com- 
pound engine by their respective initial 
preaaures we get 131X60=7,860 and 452 
X17-32=7,828, which being added to- 
gether, gives a total pressure at beginning 
of stroke when both pistons are moving 
8imultaiieously=15,688 iba.^about 7 tons 
or little more than one-half of that in the 
single cylinder, and from this it can be 
easily seen that as a less shock is given to 
the working parts by about one-half, the 
dimensions of these parts can be made 
proportionately less, and a geotler, atead- 
dier, but equally effective motion is im- 
parted. 

The compound engine, both for marine 
and stationary purposes, has had the posi- 
tion of its cylinders and the combinations 
of its parts arranged in many different 
ways, in some cases to suit the space avail- 
able for its erection, and in others, accord- 
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ing to the difiereat ideas of flie different 
manufacturers ; but the principle being the 
«anie in all cases, an equal economy should 
be got if care is taken in so proportioning 
the passages for the steam that no undue 
obstruction ia caused, and that proper and 
efficient moans are employed to prevent any 
wast* of heat as far as possible. 

The principle of the compound engine 
waa known as early as 1781, when a patent 
was taken out by Jonathan Hornblower for 
" Employing tbe steam after it has acted on 
the first vessel to operate a second time in 
the other by permitting it to expand itself." 
Hut Hornblower was never able to carry 
out the principle to be of much practical 
use, owing to Watt's patents being in esist- 
once at the time. 

The earliest compound engine ia which 
the principle was practically carried out was 
patented in 1804 by Arthur Woolf, and his 
style of engine has been in use almost ever 
since that date in France and the Continent 
generally, and is still constructed by many 
engineers in this country, and is known as 
" Woolf 's Engine," and employed for sta- 
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tionary purposes only. Both the cylinders 
are placed together at one end of the walk- 
ing beam, the condensing cylinder being at 
the outer end, and the high-pressure cylin- 
der close up to it with a proportionately less 
stroke. This arrangement is perfeei.ly ca- 
pable of carrying out the principle equal to 
any other. But the great pressure it exerts 
on the main centre of the walking beam, 
owing to all the power requiring to pass 
from the one end of the beam to the other, 
has caused it to be less extensively used 
than otherwise might have been the case; 
but mote especially since 1845, when a 
patent was taken out by Wm. McNaught, 
wherein this great pressure is removed from 
the main centre by having the condensing 
cylinder only at the outer end of beam, and 
the high-pressure cylinder between the 
main centre and the crank, thus having the 
power equal on both sides of the main cen- 
tre, and the pressure consequently merely 
nominal at that part. This arrangement is 
by far the best when the engine has to be 
of the walking-beam class. 

Another good arrangement is carried out 
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in horizontal engines, with both cylinders 
lying side by side (generally cast together 
in one piece), and eecnred to a single aole 
plate ; both piston rods are attached to one 
crosshead, so that one connecting rod con- 
veys the whole power to the crank, nothing 
being in duplicate but the cylinders. 

In the compound engine at present so 
largely employed in the British Navy, the 
cylinders, outwardly, are the same diameter, 
hat the high-pressure cylinder, as pre- 
viously mentioned, is generally made about 
^ leas in area than the condensing cylinder. 
The space round the actual high-p 
cylinder being used to receiv' 
haust steam until the valve of c 
cylinder opens to admit it, as the pis- 
tons do not move simultaneously, owing 
to the cranks being at right angles to each 
other. 

It has been explained in the £rat part of 
this work that the nominal horse power of 
an engine is ascertained by assuming the 
mean pressure on the piston to be equal to 
7 lbs. on the square inch, and the speed of 
piston equal to 220 ft. per minute. But as 
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both the working pressure and speed of pis- 
ton have been greatly increased since the 
above rule was first adopted, it fails to con- 
vey any adequate idea of the actual capa- 
bilities of the engine. Still, io all negotia- 
tions connected with the purchase of a 
et«am engine, it is, as a rule, the nominal 
horse power alone that ia referred to, al- 
though it is understood that with a prea- 
snre, say of about 60 Iba., and a piston 
speed of about 400 ft. per minute, fully six 
times the nominal power is got from a con- 
densing engine. 

'As the term " Nominal Horae-Power " 
is only used when speaking of the steam 



particular size of cylinder may be called a 
certain nominal power by one maker, and a 
different nominal power by another, and 
unfair competition often takes place by two 
manufecturers offering for sale say an 80 
horae-power condensin;^ engine, one of 
whom means to give a cylinder 50 in. diam- 
eter, whilst the other caDs a 40 in. cyHnder 
ihe same nominal power. The rules now 
generally adopted in this country to deter- 
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mine the nominal power of the difierent 
kinds of sfeam engines are aa follows ;— 

Kule to find the nominal horse-power of 
a high-pressure non-condensing steam en- 
gine : Square the diameter of cylinder in 
inches, and divide by 12, that is to say, a, 
non- con den sing engine with a cjlinder,=^30 
in. diameter, is called a 75 horse-power 
engine nominal, although it is capable of 
giving out at least three times the power 
when a pressure of say 60 lbs. is em- 
ployed, and piston speed =^400 ft. per 
minute. 

Eule to find the nominal horse-power of 
a single cylinder condensing engine : Square 
the diameter of cylinder in inches, and di- 
vide by 24, that is to say, that a condensing 
steam engine with a cylinder^SO in. diam- 
eter, is called a 37^ horse-power engine 
nominal, but is capable of working to at 
least sis times its nominal power with 60 
lbs. pressure and speed of piston^400 ft. 
per minute. 

The rule now generally adopted by ma- 
rine engineers for the nominal power of a 
compound engine is : Add the square of the 
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ir of each cylinder in inches together, 
and divide the sum by 30, that is with a 
compound eagino whose condensing cylinder 
is 30 in. diameter, aad high-pressure cylin- 
der 17 in. diameter, ia called a 40 horse- 
power compound engine nominal, and ia 
■also capable of working to at least six times 
that power with (iO Ib^. pressure and speed 
of piston^400 ft. per minute. 

Some diagrams are herewith given, the 
first two of which are theoretical, and the 
shape that would actually be got was there 
no loss of heat during the stroke from con- 
densation or other causes. In the theoreti- 
csil diagram, showing the expausion curve 
when the steam is expanded 12 times in a 
single cylinder condensing engine, A B re- 
presents the total initial pressure of 60 lbs., 
B C the constant supply of steam from the 
boiler at that pressure, C the point where 
the steam is entirely shut ofl= j^th part of 
the stroke, C D the expansion curve form- 
ed by the decreasing pressure of the steam 
in the ratio that the space it occupies is 
increased by the advance of the piston, D E 
represents the terminal pressure, and E A 
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the line of perfect vacuum. In the com- 
pound theoretical diagram, C D is the ex- 
pansion curve formed from the high-pressure 
cylinder, and D A the expansion curve 
formed from the condensing cylinder, the 
line F B representing the initial pressure 
of 60 Iha., D E the terminal pressure in 
high-pressure cylinder, and initial pressure 
in low-pressure cylinder, and equal to 17.32 
lbs., and F A the terminal pressure in low- 
pressure cylinder, and equal to 5 lbs. 
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